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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a structure, in which an amplitude 
balancing degree and a phase balancing degree are improved in a 
transverse coupling resonator type surface acoustic wave filter, having 
balance-to-unbalance transforming function. 

SOLUTION: The longitudinal coupling resonator type surface acoustic wave 
filter 200 comprises first to third IDTs 201 to 203 with the number of 
electrode fingers of its central second IDT 202 being even, and 



polarities of the electrode fingers 201 and 203a adjacent to the IDT 202 
are inverted to those of the left and first and right third IDTs 201 and 
203 to have the balance-to-unbalance transforming function. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] In the vertical joint resonator mold surface acoustic wave 
filter which is equipped with the 1st arranged along the propagation 
direction of a surface acoustic wave on a piezo-electric substrate and 
said piezo-electric substrate - the 3rd IDT, and has balanced - 
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unbalance conversion function The vertical joint resonator mold surface 
acoustic wave filter characterized by making into even the number of the 
electrode finger of the 2nd IDT arranged in the center among said 1st 
[ the ] - the 3rd IDT. 

[Claim 2] Two-step cascade connection of the vertical joint resonator 
mold surface acoustic wave filter equipped with the 1st arranged in 
order along the propagation direction of a surface acoustic wave on a 
piezo-electric substrate and said piezo-electric substrate - the 3rd IDT 
is carried out. The end of the 2nd IDT of the vertical joint resonator 
mold surface acoustic wave filter of the 1st step is connected to the 
unbalance signal terminal. The 2nd end and other end of IDT of the 
vertical joint resonator mold surface acoustic wave filter of the 2nd 
step are connected to the 1st and 2nd balanced signal terminal. The end 
of the 1st IDT of the vertical joint resonator mold surface acoustic 
wave filter of the 1st step and the end of the 1st IDT of the 2nd 
vertical joint resonator mold surface acoustic wave filter by the 1st 
signal line The end of the 3rd IDT of the vertical joint resonator mold 
surface acoustic wave filter of the 1st step and the end of the 3rd IDT 
of the vertical joint resonator mold surface acoustic wave filter of the 
2nd step are connected by the 2nd signal line, respectively. The 
vertical joint resonator mold surface acoustic wave filter characterized 
by the electrical signal which spreads said 1st signal line, and the 
electrical signal which spreads said 2nd signal line being opposite 
phases in the vertical joint resonator mold surface acoustic wave filter 
which has balanced - unbalance conversion function. 

[Claim 3] The vertical joint resonator mold surface acoustic wave filter 
according to claim 2 with which the number of the electrode finger of 
said 2nd IDT is characterized by being even at least in one side of the 
vertical joint resonator mold surface acoustic wave filter of the 1st 
step and the 2nd step. 

[Claim 4] The transmitter characterized by using a vertical joint 
resonator mold surface acoustic wave filter according to claim 1 to 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vertical joint 
resonator mold surface acoustic wave filter which has balanced - 
unbalance conversion function in a detail more about a vertical joint 
resonator mold surface acoustic wave filter. 
[0002] 

[Description of the Prior Art] In recent years, a miniaturization and 
lightweight-izing of a portable telephone are progressing. Then, as for 
the portable telephone, reduction of component part mark, the 
miniaturization of components, and compound-ization of a function are 
progressing. 

[0003] In view of the above situations, what gave balanced - unbalance 
conversion function and the function of the so-called balun to the 
surface acoustic wave filter used for RF stage of a portable telephone 
is proposed variously. 

[0004] Drawing 25 is the typical top view showing the electrode 
structure of a surface acoustic wave filter of having the conventional 
balanced - unbalance conversion function. Here, the 1st - 3rd IDT 101— 
103 are arranged along the surface acoustic wave propagation direction. 
The reflector 104, 105 is arranged at the surface wave propagation 
direction both sides of the field in which IDT 101-103 is formed. All 
are set to 0. 751ambdal when the pitch of the electrode finger with which 
IDT101 and IDT102 adjoin each other, and the pitch of the electrode 
finger with which IDT102 and IDT103 adjoin each other set to wavelength 
lambdal defined in the electrode finger pitch of IDT 101-103. By making 
thick the electrode finger 109, 110 of the both ends of IDT102, the free 
part between IDT-IDT is made small, and loss by radiation of a bulk wave 
is reduced. In addition, in drawing 25 , a terminal 106, 107 is a 
balanced signal terminal and a terminal 108 is an unbalance signal 
terminal. 
[0005] 

[Problem(s) to be Solved by the Invention] With the surface acoustic 
wave filter which has balanced - unbalance conversion function, it is 
required that the transmission characteristic in each passband between 



the unbalance signal terminal 108 and the balanced signal terminal 106 
and between the unbalance signal terminal 108 and the balanced terminal 
107 should be equal in the amplitude characteristic, and 180 degrees of 
phases should be reversed. The conditions that this amplitude 
characteristic is equal are called amplitude unbalance, and extent with 
180 reversed degrees of phases is called phase unbalance. 
[0006] The above-mentioned amplitude unbalance and phase unbalance are 
defined as follows, when the surface acoustic wave filter which has 
balanced - unbalance conversion function is considered to be the device 
of three ports, for example, each of a port 1 and a balanced output 
terminal is made into a port 2 and a port 3 for an unbalanced input 
terminal. 

[0007] amplitude unbalance =|A|, A= | 201ogS21 | - | 201ogS31 phase unbalance 
= | B-180 | , however B= | **S21-**S31 1 — in addition, S21 shows the transfer 
factor from a port 1 to a port 2, and S31 shows the transfer factor from 
a port 1 to a port 3. 

[0008] Ideally, into the passband of a filter, amplitude unbalance is 
OdB and phase unbalance needs to be made into 0 times. However, in the 
configuration shown in drawing 25 , since the number of the electrode 
finger of IDT102 was odd when it is going to obtain the filter which has 
balanced - unbalance conversion function, the one number of electrode 
fingers connected to the balanced signal terminal 106 increased more 
than the number of the electrode fingers connected to the balanced 
signal terminal 107, and there was a problem that unbalance worsened. 
Especially this problem appeared so notably that a center of filter 
frequency becomes high, and was not able to obtain sufficient unbalance 
with the filter from which near 1. 9GHz serves as center frequency like 
[ the object for DCS, or for PCS ]. 

[0009] The purpose of this invention is to offer the vertical joint 
resonator mold surface acoustic wave filter which has balanced - 
unbalance conversion function in which unbalance, such as amplitude 
unbalance and phase unbalance, has been improved. 
[0010] 

[Means for Solving the Problem] The vertical joint resonator mold 
surface acoustic wave filter concerning invention of the 1st of this 
application In the vertical joint resonator mold surface acoustic wave 
filter which is equipped with the 1st arranged along the propagation 
direction of a surface acoustic wave on a piezo-electric substrate and 
said piezo-electric substrate - the 3rd IDT, and has balanced - 
unbalance conversion function It is characterized by making into even 
the number of the electrode finger of the 2nd IDT arranged in the center 



among the 1st - the 3rd IDT. 

[0011] The vertical joint resonator mold surface acoustic wave filter 
concerning invention of the 2nd of this application Two-step cascade 
connection of the vertical joint resonator mold surface acoustic wave 
filter equipped with the 1st arranged in order along the propagation 
direction of a surface acoustic wave on a piezo-electric substrate and 
said piezo-electric substrate - the 3rd IDT is carried out. The end of 
the 2nd IDT of the vertical joint resonator mold surface acoustic wave 
filter of the 1st step is connected to the unbalance signal terminal. 
The 2nd end and other end of IDT of the vertical joint resonator mold 
surface acoustic wave filter of the 2nd step are connected to the 1st 
and 2nd balanced signal terminal. The end of the 1st IDT of the vertical 
joint resonator mold surface acoustic wave filter of the 1st step and 
the end of the 1st IDT of the 2nd vertical joint resonator mold surface 
acoustic wave filter by the 1st signal line The end of the 3rd IDT of 
the vertical joint resonator mold surface acoustic wave filter of the 
1st step and the end of the 3rd IDT of the vertical joint resonator mold 
surface acoustic wave filter of the 2nd step are connected by the 2nd 
signal line, respectively. In the vertical joint resonator mold surface 
acoustic wave filter which has balanced - unbalance conversion function, 
it is characterized by the electrical signal which spreads said 1st 
signal line, and the electrical signal which spreads said 2nd signal 
line being opposite phases. 

[0012] On the specific aspect of affairs of the 2nd invention, the 
number of the electrode finger of said 2nd IDT is made into even at 
least by one side of the vertical joint resonator mold surface acoustic 
wave filter of the 1st step and the 2nd step. 

[0013] On another aspect of affairs of this invention (1st and 2nd 
invention), the transmitter using the vertical joint resonator mold 
surface acoustic wave filter concerning this invention is offered. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is clarified by 
explaining the concrete example of the vertical joint resonator mold 
surface acoustic wave filter of this invention, referring to a drawing. 
[0015] Drawing 1 is a typical top view for explaining the vertical joint 
resonator mold surface acoustic wave filter used for the filter for PCS 
reception as the 1st example of this invention. The electrode structure 
of illustration on piezo-electric substrate 200A consists of vertical 
joint resonator mold surface acoustic wave filters 200. As piezo- 
electric substrate 200A, it is the 40 degrees **5 degreeY cut X 
propagation LiTa03. The substrate is used. 



[0016] On the above-mentioned piezo-electric substrate, the 1st - 3rd 
IDT 201-203 are formed along the surface wave propagation direction. The 
reflector 204, 205 is arranged at the surface wave propagation direction 
both sides of the field in which IDT 201-203 is formed. These IDT(s) 
201-203 and reflectors 204, 205 are constituted by aluminum. 
[0017] That is, the vertical joint resonator mold surface acoustic wave 
filter 200 is a vertical joint resonator mold surface acoustic wave 
filter of 3IDT molds as well as the conventional vertical joint 
resonator mold surface acoustic wave filter 100 shown in drawing 25 . 
[0018] In addition, in drawing 1 , in order to make drawing brief, the 
number of an electrode finger is shown fewer than actual structure. 
Moreover, the end of IDT201, 203 is connected to the unbalance signal 
terminal 212. The end of IDT202 is connected to the balanced signal 
terminal 210, and the other end is connected to the balanced signal 
terminal 211. 

[0019] The detailed design of the vertical joint resonator mold surface 

acoustic wave filter 200 of this example is shown below. 

number — of the electrode finger of electrode finger decussation width- 

of-face W=78. 81ambdaIIDT201, 203 — number =100 IDT-IDT spacing 

=0. 771ambdal, however IDT-IDT spacing of the electrode finger in the 

wavelength lambdaR= 2. 05-micrometer reflector 204, 205 of the wavelength 

lambdal= 2. 03-micrometer reflector 204, 205 of number =40IDT of the 

electrode finger of IDT202 shall mean 24 electrode finger pitches which 

adjacent IDT adjoins, respectively 

[0020] IDT-ref lector spacing =0. 551ambdaR, however IDT-ref lector spacing 
shall mean the electrode finger pitch which adjacent IDT and a reflector 
adjoin. 

Duty of duty =0. 60 reflector of IDT = the electrode finger 206, 207 of 
the both ends of IDT202 is made thick compared with other electrode 
fingers, and the free part of the IDT-IDT spacing section is made small 
by it as shown in 0. 60 electrode-layer thickness =0. 081ambdal and 
drawing 1 . 

[0021] The description of this example is to use as a ground electrode 
electrode finger 203a of IDT203 to which the total electrode 
characteristic of IDT202 arranged in the center being even number and 
electrode finger 201a of IDT201 which adjoins IDT202 adjoin a signal 
electrode and IDT202. Thus, why the polarity of the electrode fingers 
201a and 203a which adjoin 2nd central IDT202 among the electrode 
fingers of IDT201, 203 on either side is reversed is explained with 
reference to drawing 2 and drawing 3 . 

[0022] In the conventional vertical joint resonator mold surface 



acoustic wave filter 100 shown in drawing 25 , if one central electrode 
finger of IDT102 is deleted, as shown in drawing 2 , the number of the 
electrode finger of central IDT102A will turn into even. However, the 
spacing A of IDT102A and IDT103 0. 51ambdal Spreads, and loss by 
radiation of a bulk wave becomes large. 

[0023] Then, as shown in drawing 3 , the structure where the 0. 51ambdal 
shift of 3rd IDT103 was done to IDT102A at the IDT102A side can be 
considered. However, with the structure shown in drawing 3 , IDT101 and 
IDT103 become an opposite phase. 

[0024] So, in this example, as shown in drawing 1 , IDT201 is reversed 
to IDT203 and IDT201 and IDT203 are made in phase by it. 
[0025] The amplitude unbalance and drawing 5 to a frequency [ in / in 
drawing 4 / the vertical joint resonator mold surface acoustic wave 
filter of this example ] show the phase unbalance to a frequency. In 
drawing 4 and drawing 5 , a continuous line shows the result of an 
example. Moreover, a broken line shows collectively the property of the 
conventional example shown in drawing 25 to drawing 4 and drawing 5 for 
a comparison. 

[0026] Here, as a conventional example, compared with the detail design 
of the above-mentioned example, if it removed that there were few 
numbers of the electrode finger of central IDT one, it was made the same. 
The frequency range of the passband in the filter for PCS reception is 
1930-1990MHz. In this frequency band, it turns out that 2. 7dB and 0. 5dB 
amplitude unbalance have improved the maximum amplitude unbalance by 
this example to having been 3. 2dB in the conventional example so that 
clearly from drawing 4 . Moreover, in the conventional example, to being 
21 degrees, it is 17 degrees and it turns out about the maximum phase 
unbalance that 4 degrees of phase unbalance are improved by this example 
so that clearly from drawing 5 R> 5. 

[0027] as mentioned above — since the polarity of the electrode finger 
which the central total electrode characteristic of IDT202 is made into 
even, and adjoins 2nd IDT202 of the center of 1st and 3rd IDT201, 203 
further in this example is reversed — the conventional example — 
comparing — both amplitude unbalance and phase unbalance — although — 
it turns out that the vertical joint resonator mold surface acoustic 
wave filter which has improved balanced - unbalance conversion function 
is obtained. 

[0028] In addition, at this example, it is the 40 **5~degreeY cut X 
propagation LiTa03. Although the substrate was used, at this invention, 
it is the above LiTa03 as a piezo-electric substrate. Not only a 
substrate but 64-72 degreeY cut X propagation LiNb03 A substrate or 41 



degreeY cut X propagation LiNb03 Other piezo-electric substrates, such 
as a substrate, may be used. 

[0029] Moreover, in the 1st example, although the balanced signal was 
taken out from the 2nd central IDT, as shown in drawing 6 , a balanced 
signal may be taken out from 1st and 3rd IDT201, 203 of both sides. In 
addition, in drawing 6 , a terminal 213,214 is a balanced signal 
terminal, it connects with 1st and 3rd IDT201, 203, and a terminal 215 is 
an unbalance signal terminal connected to 2nd central IDT202. 
[0030] Furthermore, drawing 7 is the typical top view showing the 
electrode structure of other modifications of the 1st example. As shown 
in drawing 7 , the surface acoustic wave resonator 216 may be connected 
between 1st and 3rd IDT201, 203 and a terminal 212. 
[0031] Drawing 8 is the top view showing typically the electrode 
structure of the modification of further others of the vertical joint 
resonator mold surface acoustic wave filter of the 1st example. With the 
vertical joint resonator mold surface acoustic wave filter 217 shown in 
drawing 8 , two-step cascade connection of the vertical joint resonator 
mold surface acoustic wave filter 200 of the 1st example is carried out. 
[0032] Moreover, drawing 9 is the typical top view of the vertical joint 
resonator mold surface acoustic wave filter of the modification of 
further others of the 1st example. Here, it is 3IDT type and cascade 
connection of the vertical joint resonator mold surface acoustic wave 
filter 219 whose number of the central electrode fingers of IDT218 is 
odd is carried out to the vertical joint resonator mold surface acoustic 
wave filter 200 of the 1st example. That is, in the vertical joint 
resonator mold surface acoustic wave filter of two or more step 
configuration, when only at least one step is constituted from a 
vertical joint resonator mold surface acoustic wave filter 200 of the 
1st example, the property that unbalance has been improved like the 1st 
example can be acquired. 

[0033] Drawing 10 is the typical top view showing the electrode 
structure of the modification of further others of the vertical joint 
resonator mold surface acoustic wave filter of the 1st example. With the 
vertical joint resonator mold surface acoustic wave filter 220 shown in 
drawing 10 , the ** pitch electrode finger parts N1-N4 are formed in the 
1st - 3rd IDT 221-223. That is, compared with the pitch of these 
remaining electrode finger parts of IDT221, the narrow ** pitch 
electrode finger part Nl is constituted for the pitch of some electrode 
fingers from the IDT222 side-edge section by IDT221. Similarly, the ** 
pitch electrode finger parts N2 and N3 are constituted from IDT222 by 
both ends. Moreover, in IDT223, the ** pitch electrode finger part N4 is 



constituted at the IDT222 side. Thus, in the part which IDT adjoins, 
when a pitch electrode finger part with a narrow electrode finger 
pitch is used relatively, the property that unbalance has been improved 
too can be acquired by making other configurations be the same as that 
of the 1st example. 

[0034] Drawing 11 is the typical top view showing the electrode 
structure of the vertical joint resonator mold surface acoustic wave 
filter concerning the 2nd example of this invention. The 2nd example is 
an example about the filter for AMPS reception. 

[0035] It is the 40 **5-degreeY cut X propagation LiTa03 like the 1st 
example. The vertical joint resonator mold surface acoustic wave filter 
300 of the 2nd example is constituted by forming on a substrate the 
electrode structure shown in drawing 11 . 

[0036] With the vertical joint resonator mold surface acoustic wave 
filter 300, two-step cascade connection of the vertical joint resonator 
mold surface acoustic wave filter section 301 and the vertical joint 
resonator mold surface acoustic wave filter section 302 is carried out. 
The vertical joint resonator mold surface acoustic wave filter section 
301,302 is constituted similarly. 

[0037] the 1- arranged by the vertical joint resonator mold surface 
acoustic wave filter section 301,302 in the surface wave propagation 
direction like the 1st example — it has the reflector 306,307,311,312 
prepared in the surface wave propagation direction both sides of the 
field in which the 3rd IDT303-305, 308-310 and IDT are prepared. Moreover, 
one edge each of 1st and 3rd IDT303, 305 of the vertical joint resonator 
mold surface acoustic wave filter section 301 of the 1st step and one 
edge each of 1st and 3rd IDT308, 310 of the vertical joint resonator mold 
surface acoustic wave filter section 302 of the 2nd step are connected 
through the 1st and 2nd signal line 316,317, respectively. On the other 
hand, the end of IDT304 is connected to the terminal 313, the end of 
IDT309 is connected to a terminal 314, and the other end is connected to 
the terminal 315. Each of remaining edges of IDT303-305, 308-310 is 
connected to ground potential. 

[0038] A terminal 314, 315 is a balanced signal terminal and a terminal 
313 is an unbalance signal terminal. A detailed design is shown below. 
The electrode finger decussation width-of-face W=49. Olambdallst IDT303, 
The number of the electrode finger of 308 = The 242nd IDT304, The number 
of the electrode finger of 309 = The 343rd IDT305, The number of the 
electrode finger of the wavelength lambdaR= 4. 64-micrometer reflector of 
the wavelength lambdal= 4. 49-micrometer reflector of number =25IDT of 
the electrode finger of 310 = The duty of spacing =0. 471ambdaRIDT 



between IDT-IDT spacing =0. 791ambdaIIDT (s) and the reflectors which 
adjoin each other 120 = Duty =0. 55 electrode-layer thickness of 0. 73 
reflectors = in 0. 081ambdal this example, the electrode fingers 304a, 
304b, 309a, and 309b of the both ends of 2nd central IDT304, 309 are made 
thick, and the free part between adjacent IDT-IDT is made small. 
[0039] The description of this example is to use [ that the number of 
the electrode finger of IDT304, 309 is made into even like the 1st 
example, and ] as a ground electrode the electrode fingers 303a, 305a, 
308a, and 310a of IDT303, 305, 308, 310 which adjoins IDT304, 309 at a list. 
[0040] In the vertical joint resonator mold surface acoustic wave filter 
section 301, IDT303, 305 serves as an opposite phase to IDT304. Therefore, 
parallel connection of IDT303, 305 cannot be carried out, and a filter 
shape cannot be obtained only in one step. However, since IDT308, 310 is 
also made into the opposite phase at coincidence to IDT309 of the 
vertical joint resonator mold surface acoustic wave filter section 302, 
it is supposed by the surface wave spread from IDT308, 310 to IDT309 
becoming in phase, therefore connecting the vertical joint resonator 
mold surface acoustic wave filter section 301,302 that it is possible to 
obtain a filter shape. That is, the electrical signal which spreads the 
1st signal line 316 and 2nd signal line 317 serves as an opposite phase. 
[0041] Drawing 13 shows phase unbalance [ as opposed to / in drawing 14 
/ a frequency for the amplitude unbalance to the frequency in the 2nd 
example ]. Drawing 13 and drawing 14 show the result of the conventional 
example shown in drawing 15 R> 5 which the result of the 2nd example was 
shown as the continuous line, and was prepared with the broken line for 
the comparison. 

[0042] In addition, number =24 number =35 the number of the electrode 
finger in the 3rd IDT of the electrode finger in the 2nd IDT of an 
electrode finger [ in / with the conventional vertical joint resonator 
mold surface acoustic wave filter 401 shown in drawing 15 / in the 
number of the electrode finger of the 1st - 3rd IDT 402-404 / the 1st 
IDT ] = if it removes being carried out to 24, it is supposed that it is 
the same as that of the 2nd example. 

[0043] The frequency range of the passband in the filter for AMPS 
reception is 860-894MHz. In the above-mentioned frequency range, it 
turns out that it is 0. 9dB in the 2nd example, and 1. OdB of amplitude 
unbalance is improved to the maximum amplitude unbalance being 1. 9dB in 
the conventional example. 

[0044] Moreover, in the conventional example, to being 17 degrees, it is 
8 degrees and 9 degrees of phase unbalance are improved by the 2nd 
example at the maximum phase unbalance. That as mentioned above, 



unbalance is improved By making it that the number of the electrode 
finger of the 2nd IDT is made into even, and the electrical signal which 
spreads the 1st and 2nd signal line 316,317 become a list with an 
opposite phase Electrode finger 309a which can use both electrode 
fingers of the 2nd central IDT and the 1st and 3rd adjacent IDT as a 
ground electrode, and is connected to the terminal 315, It is because 
distance C (refer to drawing 11 ) between electrode finger 309b and 
signal-electrode finger 310b of IDT310 which are connected to the 
distance B (refer to drawing 11 ) and the terminal 314 between signal- 
electrode finger 308b of IDT308 is made equal. 0. 51ambdal On the other 
hand, in the conventional example shown in drawing 15 , the distance D 
and E between electrode fingers shown in drawing 15 between adjacent 
IDT(s) in the 2nd vertical joint resonator mold surface acoustic wave 
filter section differs. 

[0045] Although the electrode finger of the 1st and 3rd IDT of the right 
and left which adjoin the 2nd IDT was used as the ground electrode in 
the 2nd example, the same effectiveness can be acquired also by using 
each of these electrode fingers as a signal electrode. 
[0046] As mentioned above, in the 2nd example, two-step cascade 
connection of the vertical joint resonator mold surface acoustic wave 
filter 301,302 which made the number of the electrode finger of the 2nd 
IDT even is carried out. By making it the electrical signal which 
spreads the 1st and 2nd signal line 316,317 become an opposite phase, 
furthermore, the 2nd central IDT, It turns out that the polarity of the 
electrode finger with which the 1st and 3rd IDT adjoins each other can 
be made the same, and both amplitude unbalance and phase unbalance can 
be improved. 

[0047] Moreover, in the configuration shown in drawing 11 about an 
example 2, also when a pitch electrode finger is used for the part 
which two IDT(s) adjoin as shown in drawing 10 , the property that 
unbalance has been improved too can be acquired. 

[0048] Drawing 12 is the typical top view showing the modification of 
the 2nd example. Although the surface acoustic wave filter 302 was made 
into the symmetry to the Z~axis in drawing 12 to the surface acoustic 
wave filter 301 with the configuration shown in drawing 11 , let a 
different place from the 2nd example be point symmetry in the 
modification shown in drawing 12 to the core of the whole electrode 
structure, Y points 301, 302, i. e. , the surface acoustic wave filter, of 
drawing 12 . 

[0049] Drawing 16 is the typical top view showing other modifications of 
the 2nd example. In this modification, cascade connection of the 



vertical joint resonator mold surface acoustic wave filter section 
301, 321 is carried out. A different place from the 2nd example is in the 
2nd step of vertical joint resonator mold surface acoustic wave filter 
section 321 to carry out 2 ****s of 2nd central IDT322. Since it is the 
same as that of the 2nd example about other points, about the same part, 
the explanation is omitted by ****** which attaches the same reference 
number. 

[0050] 2nd IDT322 has been arranged so that sinking comb electrode 322a, 
sinking comb electrode 322a, and an electrode finger may put each other 
in between — two go away and it has the gear-tooth electrodes 322b and 
322c. That is, it goes away one side among the sinking comb electrodes 
of the pair which constitutes IDT, and two gear-tooth electrodes go away, 
and are divided into the gear-tooth electrodes 322b and 322c, and the 
balanced signal terminal 314,315 is connected to these sinking comb 
electrodes 322b and 322c. Here, it sets in the 1st vertical joint 
resonator mold surface acoustic wave filter section 301. IDT303 and 
IDT305 are made into the opposite phase, and 1st and 3rd IDT308, 310 in 
the 2nd vertical joint resonator mold surface acoustic wave filter 
section 321 is made into the opposite phase. The electrical signal which 
spreads signal lines 316 and 317 by that cause serves as an opposite 
phase, the polarity of the electrode finger of IDT308, 310 which adjoins 
IDT322 is made the same, and unbalance is improved by it like the 2nd 
example. 

[0051] Drawing 17 is the top view showing typically the electrode 
structure of the vertical joint resonator mold surface acoustic wave 
filter concerning the 3rd example of this invention. The vertical joint 
resonator mold surface acoustic wave filter 501 of the 3rd example is a 
filter for AMPS reception as well as the vertical joint resonator mold 
surface acoustic wave filter of the 2nd example. In the 3rd example, if 
it removes that the following points differ from the 2nd example, it is 
supposed that it is the same as that of the 2nd example. That is, common 
connection of the ends of IDT303, 308 is made, and ground touch-down of 
IDT303, 308 is not carried out. Similarly, common connection of the ends 
of IDT305, 310 is made, and ground touch-down is not carried out about 
IDT305, 310, either. That is, float connection between IDT303, 305 and of 
between IDT305, 310 is made. 

[0052] A continuous line shows the amplitude unbalance-frequency 
characteristics of the vertical joint resonator mold surface acoustic 
wave filter of the 3rd example, and degree ** of grade phase 
equilibrium-frequency characteristics to drawing 18 and drawing 19 , 
respectively. The result of the conventional example shown in drawing 15 



with the broken line for the comparison is shown. 

[0053] In the conventional example, it turns out in the passband in the 
filter for AMPS reception that it is 1. 2dB in the 3rd example, and 0. 7dB 
of amplitude unbalance has improved to maximum amplitude unbalance being 
1. 9dB so that clearly from drawing 18 and drawing 19 . Moreover, in the 
conventional example, to the maximum phase unbalance being 17 degrees, 
it is 9 degrees and it turns out by the 3rd example that 8 degrees of 
phase unbalance are improved. 

[0054] Therefore, by making float connection of the 1st step of 1st IDT 
and the 2nd step of 1st IDT, and making float connection of the 1st step 
of 3rd IDT and the 2nd step of 3rd IDT in addition to the configuration 
of the 2nd example, like the 3rd example, shows that unbalance can be 
improved effectively. 

[0055] Drawing 20 is the top view showing typically the electrode 
structure of the vertical joint resonator mold surface acoustic wave 
filter concerning the 4th example. Except for the following points, it 
consists of vertical joint resonator mold surface acoustic wave filters 
600 of the 4th example like the 2nd example. 

[0056] Here, in the vertical joint resonator mold surface acoustic wave 
filter 601,602 of the 1st step, the number of the electrode finger of 
the 1st - the 3rd IDT is set to the number =24number =353rd 605,610= 24 
IDT(s) of the electrode finger of 2nd IDT604, 609 of the electrode finger 
of 1st IDT603, 608, respectively. 

[0057] The polarity of the electrode fingers 603a and 605a of 1st and 
3rd IDT603, 605 which adjoins IDT604, and the electrode fingers 608a and 
610a of IDT608, 610 which adjoins a list IDT609 has the description of 
the 4th example in it being reverse. 

[0058] If it thinks with vertical joint resonator mold surface acoustic 
wave filter section 601 simple substance, since the opposite phase of 
IDT603, 605 is carried out to IDT604, parallel connection of IDT603, 605 
cannot be carried out, and a filter shape cannot be obtained only in one 
step. However, since the opposite phase of IDT608, 610 is carried out to 
coincidence to IDT609 of the vertical joint resonator mold surface 
acoustic wave filter section 602, the surface acoustic wave spread from 
IDT608, 610 to IDT609 becomes in phase, and a filter shape is obtained by 
carrying out two-step cascade connection. 

[0059] In addition, a terminal 615 is an unbalance signal terminal and a 
terminal 616,617 is a balanced signal terminal. A continuous line shows 
phase unbalance-frequency characteristics for the amplitude unbalance- 
frequency characteristics of the vertical joint resonator mold surface 
acoustic wave filter of the 4th example to drawing 21 at drawing 21 . A 



broken line shows the result of the conventional example shown in 
drawing 15 for the comparison. 

[0060] To the maximum amplitude unbalance in the passband in the filter 
for AMPS reception being 1. 9dB in the conventional example, in the 4th 
example, it is 1. 2dB and 0. 7dB of amplitude unbalance is improved so 
that clearly from drawing 20 . Moreover, in the conventional example, to 
the maximum phase unbalance being 17 degrees, it is 11 degrees and 6 
degrees of phase unbalance are improved by the 4th example so that 
clearly from drawing 21 . 

[0061] That is, in the 4th example, by concatenating two steps of 
vertical joint resonator mold surface acoustic wave filter sections 
which have three IDT(s), and making reverse further the polarity of the 
electrode finger of the 2nd central IDT and the 1st and 3rd adjacent IDT 
shows that amplitude unbalance and phase unbalance can be improved 
effectively. 

[0062] Drawing 23 is the typical top view showing the electrode 
structure of the vertical joint resonator mold surface acoustic wave 
filter of the 5th example. In the 5th example, the 3IDT type vertical 
joint resonator mold surface acoustic wave filter sections 901-904 which 
have the 1st - the 3rd IDT are used. In each vertical joint resonator 
mold surface acoustic wave filter sections 901-904, the number of the 
electrode finger of the 2nd central IDT is made into even, and the 
polarity of the electrode finger of IDT of the right and left which 
adjoin the 2nd central IDT is made the same. For example, if the 
vertical joint resonator mold surface acoustic wave filter section 901 
is taken for an example, let the electrode fingers 907a and 909a of 1st 
and 3rd IDT907, 909 which adjoins 2nd IDT908 be like-pole nature. 
[0063] Although the vertical joint resonator mold surface acoustic wave 
filter sections 901-903 have the same configuration, 2nd IDT910 is 
reversed only in the vertical joint resonator mold surface acoustic wave 
filter section 902. 

[0064] In addition, 911 is an unbalance signal terminal and 912,913 is a 
balanced signal terminal, the 1- let the 1st and 3rd IDT be an opposite 
phase in the 4th vertical joint resonator mold surface acoustic wave 
filter section 901-904, respectively. For example, if the vertical joint 
resonator mold surface acoustic wave filter section 901 is taken for an 
example, let 1st IDT907 and 3rd IDT909 be opposite phases. 
[0065] Also in the 5th example, amplitude unbalance and phase unbalance 
are improvable, and further, in the 5th example, if an output impedance 
is about 4 time **, it will be made to be the same as that of the 2nd - 
the 4th example. 



[0066] Drawing 24 is an outline block diagram for explaining the 
transmitter 60 using the vertical joint resonator mold surface acoustic 
wave filter concerning this invention. Duplexer 62 is connected to the 
antenna 61 in drawing 24 . Between duplexer 62 and the receiving-side 
mixer 63, the surface acoustic wave filter 64 and amplifier 65 are 
connected. Moreover, between duplexer 62 and the mixer 66 of a 
transmitting side, amplifier 67 and the surface acoustic wave filter 68 
are connected. Thus, when amplifier 65 supports the balanced signal, the 
vertical joint resonator mold surface acoustic wave filter constituted 
according to this invention can be suitably used as the above-mentioned 
surface acoustic wave filter 64. 
[0067] 

[Effect of the Invention] With the vertical joint resonator mold surface 
acoustic wave filter concerning the 1st invention, the number of the 
electrode finger of central IDT is made into even, and since the 
polarity of the electrode finger which adjoins the 2nd IDT of the 1st 
and 3rd IDT of the both sides of the 2nd IDT is reversed, the amplitude 
unbalance and phase unbalance between balanced signal terminals are 
effectively improvable. Therefore, it becomes possible to offer the 
surface acoustic wave filter which has balanced - unbalance conversion 
function excellent in unbalance. 

[0068] Moreover, according to the vertical joint resonator mold surface 
acoustic wave filter concerning the 2nd invention Two-step cascade 
connection of the vertical joint resonator mold surface acoustic wave 
filter which has the 1st - the 3rd IDT is carried out. In the 
configuration in which the end of the 2nd IDT of the vertical joint 
resonator mold surface acoustic wave filter of the 1st step is connected 
to an unbalance signal terminal, and the both ends of the 2nd IDT of the 
vertical joint resonator mold surface acoustic wave filter of the 2nd 
step are connected to the balanced signal terminal of a pair The 
electrical signal which spreads the 1st signal line which has connected 
the end of the 1st IDT of the vertical joint resonator mold surface 
acoustic wave filter of the 1st step, and the end of the 1st IDT of the 
2nd vertical joint resonator mold surface acoustic wave filter, Since 
the electrical signal which spreads the 2nd signal line which has 
connected the end of the 3rd IDT of the vertical joint resonator mold 
surface acoustic wave filter of the 1st step and the end of the 3rd IDT 
of the vertical joint resonator mold surface acoustic wave filter of the 
2nd step is an opposite phase, The polarity of the electrode finger with 
which the 2nd IDT and the 1st and 3rd IDT adjoin each other can be made 
the same. Therefore, amplitude unbalance and phase unbalance are 



effectively improvable. 

[0069] Moreover, in the 2nd invention, at least in one side of the 
vertical joint resonator mold surface acoustic wave filter of the 1st 
step and the 2nd step, when the number of the electrode finger of the 
2nd IDT is even, amplitude unbalance and phase unbalance can be improved 
further. 

[0070] Since it has balanced - unbalance conversion function as 
mentioned above and the unbalance between the balanced signal terminals 
of a pair is improved, the vertical joint resonator mold surface 
acoustic wave filter concerning this invention can attain improvement 
and a miniaturization of the property of a transmitter by constituting a 
transmitter using the vertical joint resonator mold surface acoustic 
wave filter concerning this invention. 
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[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a typical top view for explaining the vertical 
joint resonator mold surface acoustic wave filter concerning the 1st 
example of this invention. 

[Drawing 2] The typical top view showing the electrode structure of the 
vertical joint resonator mold surface acoustic wave filter which will be 
the requisite for the 1st example. 

[Drawing 3] The typical top view of the vertical joint resonator mold 
surface acoustic wave filter which will be the requisite for the 1st 
example. 

[Drawing 4] Drawing showing the amplitude unbalance-frequency 
characteristics of the 1st example and the conventional example. 
[Drawing 5] Drawing showing the phase unbalance-frequency 



characteristics of the 1st example and the conventional example. 
[Drawing 6] The typical top view showing the vertical joint resonator 
mold surface acoustic wave filter of the 1st modification of the 1st 
example. 

[Drawing 7] The typical top view showing the vertical joint resonator 
mold surface acoustic wave filter of the 2nd modification of the 1st 
example. 

[Drawing 8] The typical top view showing the vertical joint resonator 
mold surface acoustic wave filter of the 3rd modification of the 1st 
example. 

[Drawing 9] The typical top view showing the vertical joint resonator 
mold surface acoustic wave filter of the 4th modification of the 1st 
example. 

[Drawing 10] The typical top view showing the vertical joint resonator 
mold surface acoustic wave filter of the 5th modification of the 1st 
example. 

[Drawing 11] The typical top view for explaining the vertical joint 
resonator mold surface acoustic wave filter of the 2nd example. 
[Drawing 12] The typical top view showing the modification of the 
surface acoustic wave filter of the 2nd example. 
[Drawing 13] Drawing showing the amplitude unbalance-frequency 
characteristics of the 2nd example and the conventional example. 
[Drawing 14] Drawing showing the phase unbalance-frequency 
characteristics of the 2nd example and the conventional example. 
[Drawing 15] The typical top view for explaining the conventional 
example prepared for the comparison of the 2nd example. 
[Drawing 16] The typical top view for explaining the modification of the 
2nd example. 

[Drawing 17] The typical top view for explaining the vertical joint 
resonator mold surface acoustic wave filter of the 3rd example. 
[Drawing 18] Drawing showing the amplitude unbalance-frequency 
characteristics of the 3rd example and the conventional example. 
[Drawing 19] Drawing showing the phase unbalance-frequency 
characteristics of the 3rd example and the conventional example. 
[Drawing 20] The typical top view for explaining the vertical joint 
resonator mold surface acoustic wave filter of the 4th example. 
[Drawing 21] Drawing showing the amplitude unbalance-frequency 
characteristics of the 4th example and the conventional example. 
[Drawing 22] Drawing showing the phase unbalance-frequency 
characteristics of the 4th example and the conventional example. 
[Drawing 23] The typical top view for explaining the vertical joint 



resonator mold surface acoustic wave filter of the 5th example. 
[Drawing 24] The outline block diagram showing an example of the 
transmitter constituted using the vertical joint resonator mold surface 
acoustic wave filter concerning this invention. 

[Drawing 25] The typical top view for explaining the conventional 

vertical joint resonator mold surface acoustic wave filter. 

[Description of Notations] 

60 — Transmitter 

101-103 — The 1st - the 3rd IDT 

102 A— IDT 

104, 105 — Reflector 
106, 107 — Balanced signal terminal 
108 — Unbalance signal terminal 
109,110 — Electrode finger 

200 — Vertical joint resonator mold surface acoustic wave filter 
200A — Piezo-electric substrate 

201 — The 1st IDT 

201a, 203a — Electrode finger 

202 — The 2nd IDT 

203 — The 3rd IDT 
204,205 — Reflector 
206,207 — Electrode finger 
210,211 — Balanced signal terminal 
212 — Unbalance signal terminal 
213,214 — Balanced signal terminal 

215 — Unbalance signal terminal 

216 — Surface acoustic wave resonator 

217 — Vertical joint resonator mold surface acoustic wave filter 

218 — The 2nd IDT 

219 — Vertical joint resonator mold surface acoustic wave filter 

220 — Surface acoustic wave filter 
221-223 — The 1st - the 3rd IDT 

300 — Vertical joint resonator mold surface acoustic wave filter 

301,302 — Vertical joint resonator mold surface acoustic wave filter 

303-305 — The 1st - the 3rd IDT 

303a, 305a — Electrode finger 

304a, 304b — Electrode finger 

306,307 — Reflector 

308-310 — The 1st - the 3rd IDT 

308a, 310a — Electrode finger 

309a, 309b — Electrode finger 



311, 312 — Reflector 

313 — Unbalance signal terminal 

314, 315 — Balanced signal terminal 

321 — Vertical joint resonator mold surface acoustic wave filter 

322 — IDT 

322a — Sinking comb electrode 
322b, 322c — Sinking comb electrode 

401 — Vertical joint resonator mold surface acoustic wave filter 
402-403 — The 1st - the 3rd IDT 

501 — Vertical joint resonator mold surface acoustic wave filter 
600 — Vertical joint resonator mold surface acoustic wave filter 
601,602 — Vertical joint resonator mold surface acoustic wave filter 
603-605 — The 1st - the 3rd IDT 
608-610 — The 1st - the 3rd IDT 
615 — Unbalance signal terminal 
616,617 — Balanced signal terminal 

901-904 — Vertical joint resonator mold surface acoustic wave filter 
907-909 — The 1st - the 3rd IDT 
907a, 909a — Electrode finger 

910 — IDT 

911 — Unbalance signal terminal 
912,913 — Balanced signal terminal 
N1-N4 — pitch electrode finger part 
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tfettsiisiffw^aaftRHtt 1930-1990M 

izaux, m±<^m^mmi. «e#prc«3. 2dB 
?$> -itzMzftL, *mmvi± 2. 7 d b t , 0 . 5 

f£*MT142 1 ° X'fohWzttL. *HftWTttl 7* 

•eft o . tiffl wi^4 • a#s fix n « <r t 

ft. 

[0027] GLhOJ: ^ *fSffiMT(4. 1 D 

T 2 0 2 ^ttnWflt* t §iVC& 0 , S S, 

1 , H3C0I DT2 0 1 , 2 0 3^tf*<7)3l2c7)I DT 
202fc«9-&5 M^ffitttfKK § tlX I * £ O X\ 

iffS3¥ttlM7 -f ;l^cD#£>*ift •! t&hfrh . 
[ 0 0 2 8 ] &i3, *HHS^JTf4, 40 + 5' Y*7f 
XttLiTa0 3 S^fflV^frOvtaS*, *3fcnjJ-c 

(4. lt, ±iel i Tao 3 wmrv% 

<. 6 4-7 2° Y*7bXfilLiNb0 3 ft 
4W44 1* Y#-y 1-XfifL i NbO a *&&i;<7)ffi 

[ 0 0 2 9 ] tfz, m 1 (7)Hffl^JT(4. 4*<7)S2C9 I 
DTi't ™§ # IX 9 ffl § *VO tf; ** . H 6 tS-t J: 
3(3, Mffl(7)mi , H3(7)I DT2 0 1 , 2 0 3frt>¥ 

mm^zmfti-xt>^\ H6t^uT. sg? 

2 13,2 14^«i-^§^-C*^ mi , H3<01 
DT20 1, 2 0 3(Cjtg$ilT£ , y\ S^2 1 5(4* 
*C0lg2<7)IDT2 0 2t»M§^T^|,Wiffi^ 



[ o o 3 o ] § £>t, 07(4. s i ^mmmm^m 
m^mmm^^tm^mwmmxhh , mit^s. 

SI, S3WIDT20 1, 2 0 3tS^2 1 2 
3¥ttfM*tg^2 1 6&g^tTt X\\ 

[0031308 14. mi ^mtmmmik^m^m?f 
mkw&y 4 >v?^ ^zm^mmi^mmmmm^ 
mz^^mmxz h us iz^xtimsm^mm 

Hffl«7 -f 2 1 7 T"(4. m 1 «MfiM««S^4±S 

r-M#t±a ,i '200;; 2mmmm$hx\ 

ft. 

[00 3 2] 09(4. mi^HtfiMcOS^Wto 

HHT'ifc S„ <IiT'(4s SI OMfifPj«§^4±SM 
3¥ttfM7 ^^2 0 0fc, 3 1 DT^OT* "3 . 

>l>*?>i D i ^ i s '.4Mb ^/.^ + r:t,/.iit^^Jl 

»ii3¥tt?M7 ^1^2 19 *«»St§iXT^ 

ft. M4S«JS^K^fi^S5¥tt*ffii« 

<^^2zmmw&m%.7 W200 xm&itz 

fuzmi*ftz>zttfx%z>, 
[oo33]0io(4,mi <mm<vm&mm 
wmmwi? < ii?<D%^zimmm\<nmmmm^ 
-mm^mmx'hh . m 1 o (;^«s^ss^a5¥ 

ttajS»7^;^2 2 0Tt4, mi-m3^IDT2 2 
1-223C, lfc"7 flfflN 1 ~N 4 *^(t^^ 
TV^4. -r^fe. IDT2 2 1t(4. IDT2 2 2M 

aai5*^-i5^itffi^^tr >y ^^is i d t 2 2 1 am o 

*»fltos$*tt^s. ib]«c idt2 2 2T"(4, mmz 
->+'mmK 2 , x -immzhx^z,.. u.-. 

I D T 2 2 3 fciil VC (4, IDT222 MfcjRt -y f- « 

o ^ o uwza ux, mfimzmmm^ -v ^» «tf 

m i t7)Hft«i: Nat -ti ztizx*). ^mmm* 
imzfitzmmm z t t?x% i . 
t o o 3 4 ] 0 1 1 (4. *m&m2<7)m&mz&&M 

mmreb s . m 2 mumu .amps %mm 7 4 
)V9\,z^xoymm\xhh . 

[003 5] miCOUffiWt^ISt. 40+5° Y^-y 
hXaHLiTaOs S«±(C. 01 l(C7Kt-«Sffim 
SJgJS^-S i b t i 0 . S 2 <7)^ffi««»S^*fi^M 

[0036] Mm&%mFtwmmm.v ^^300 

T(4. «^*S^M^tt^ffi*7 ^ ;^gp 3 0 1 tffi 
^ft*^S^ttHffilS7 ^ ;I^SS3 0 2 t ^2ia«^ 

301, 3§2\mm&m£iix\^h» 
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[0037] m^m^mmmmm? j >v?m3 o 

1 , 3 0 2 \± . flfi 1 OHM fc Htti- - HffiSfSi^ra 
(cK^£tutlgl~lg3OIDT3 03-30 5, 30 

8~ 3 1 o k , id T*j|£(t £>*tx mm^mmm^ 

MJifomWizn.V t>tVfcRM&3 0 6 , 3 0 7, 3 1 
1,31 2t5t«. Sfc, SglSoK^ffiffM 
WttllffiS^/I/^gBO lOlgl, S3WIDT30 

3,305 «#-5ffik , m2 &<?>im&g&¥WiQm 

W&y A 3 0 2 0~)% 1, H369IDT308, 3 

10^-ffii>ll, H2<7)fl-^-'fy3 1 6, 317 
Sr^tT, ^xWHiStrO^ ffi*. IDT3 0 
4«-SiW3 1 3tem^tlXm. IDT3 0 9 

vy^b&m-s 1 4C, flssfg#sf£f 3 1 5t#i?£*vt 

V*S. IDT303-305, 3 0 8~~3 1 0<7)SDO 

i ^ fc r-xmmzmm $ tir ^ 5 0 

[0038]igf314, 315 ffifWtl, 
0.^3 1 3^™t#ffi^T"*)l. 0 Pffi&§£tt£ 

€»I3C^MW=4 9. OA I 
H1C0IDT30 3, 3 0 8O«flifei7>#ft=2 4# 
H2C0IDT3 04, 3 0 9O*§f^0#lSc=3 4# 
H3C0IDT3 0 5, 3 1 0O«ffifgC9#$C=2 5* 
I DT«A I =4. 
RUMg|UR = 4. 6 4^/m 
5MO!t»^#iS= 12 0* 

I DT — I D TftlPH = 0 . 79AI 

iDTtmmb?)mcomm=o. 47 xr 

I DTOfa-f-(-=0. 7 3 
Rftf^OT^-r ^ -= 0 . 5 5 
«ffiJ«J¥= 0 . 0 8 A I 

$mmMI,Z&\iXlt. *&cr>m2cr>lDT304, 30 
9cOSSBfiO€ffiffi3 04a, 304b, 309a, 30 
9 b #±< Sftf . P 9 o"3 IDT -ID Tf|07 'J - 

[ 0 0 3 9 ] *HMJ«S©(i, IDT3 04, 3 09 

comm^mwm 1 onjtMt N«wgiE#fc s^t 

l^ifc, iW:lDT3 04, 3 09tHO-^^ID 
T3 03, 305, 308, 3 1 0(7)tif^3 0 3 a, 
305a, 308a, 3 1 0 a#7-Xl^t ZtlX^ 

[0040] mkM^m^mmmmmy </i?^3o 

ltd IDT3 04tMU IDT3 03, 3 0 5* ; 
Ifififc^t^S. IDT3 03, 30 5& 

M#[8S£U 1 g<WC7 ^ /^:f#tt£#& i fc(2T£ 

Sfc:M/I^8P3O20DIDT3O9fc:$tU IDT30 
8, 3 1 0 fc$fifflfc§;flT^£OT\ IDT3 0 8, 
3 10HIDT30 9£f»"l>ilffife0«fflfc3: 

0 , lot, «^-^SiS?S3¥tt^ffligE7 ^;^SS3 0 

1, 3 0 2mmth^bi l zx ] 0 7 4>vm^%hc\ 



1 6 fcf^Ofi^M V3 1 7 

[ o o 4 1 ] hi 3itm2cnmmm! l zinfimm^zM 

Z*?t. 01 3M>"014Ttt »Tt1S2 0»ftMO 

[ 0 0 4 2 ] . 0 1 5 t^-fM*«§^4±iS^S> 
$¥ttfM7^?4 0 ltil H1-H30IDT4 

0 2-4 0 4 O€»gO*ifc0\ H 1 O I D TfctjftS 
TOfi0>*»= 24*,gS2tf)IDTtiS«-S HSHO 

*»= 3 5 3 o i d T{zmhwm^WL= 

[004 3] AMPS^lffl^^^^^ttSa^S 
0DES9a«ffl(2 860-894MHztftS o ±fSJf % 

9 d B T'S> & <9£*f L , H 2 «SP!?li 0 . 9 d B 
Tfo 0 , »I¥«rJt^ 1 . 0 d B&#S*rO^ z\ fc 

*>a»s. 

[0 04 4] ft*Ofiffl¥ffi£T(;t fl£#0flT(i 
17° T'&&Otc*fU IS2«HMJT'(i8° T&O. 
filff09' &#£;frtui> 0 JJB^iat, ¥itr 
fla#3C*3*VO>4<aW:, 3I2<D I DTOttffifgO#i: 
#«#fcS*r0^fc, Mtffcffil, SS2CD{f#5 

>r y 3 1 6 , 317 ami-immm^ tmimb%& 
zotzthztT* **os?2<oi DTbmv&om 

1, IS30IDTOt;Sg£fc^£>fc7-X*Ifc-?-|, 

1 t^"c# , s^3 1 5teBs&s#ix^s*»i3 o 9 

at. IDT30 8 Off -f HfiSfg 3 0 8 b fc COLOSSI 
B (01 l#gg) fc, «FP3 14fc««;3iVO*S«fi 
J§3 0 9 b I DT 3 1 0Off^€«#§3 1 0 b b<DfS 
OSEHC (01 l#{fS) *^L<^ixT^§)tW^ 
ZtifcttLX. 01 5t^L^«*Mt"ii, S20 

I DTr H 1O01 5(^t^«»gr B 1£gSlD, E^O. 5 
A I^oTV^S. 

[004 5] S20HMJT12. ^2«IDT«^ 

3 sr^om i , si3<7) i d Toms^^'T-xmsfc § 

fit V . ifi t> commit: l ^-fti fc imVM bth 
IfctioTi |h|«0 - fc I) „ 
[0046] ilBOidt, H2«||fiMT"(i. S2« 

i DTomsf§o«&fs«t Ltzmm^m^mw 

*mW$L7 OV93Q 1, 3 0 2 ^'2S«MS^^ixT 
$5 9, S^t, mi , %2<m^v^ >3 16, 3 17 

&fEM-ri.€Mi^-«ifflt^§ «t a tc-rs i fc 

*OH20IDTfc, HI, H3(7)I DTOP^0^-3€ 

ffi^osfa £ n t c-f s i fc a*? # . «t§¥ftfssy'fi 
tt*mmwftii i>$mt& ; fc ^t"^ h ; fc 
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[0 04 7] ttzmMM2l,z-o\iX<7)mi Hz^tiX 
V^fltfigfctJ^t. HI 0(c^§flTV^J:at, 2o 
to I D T« ^ 3Mtlf 7 f ti^J fflv*^ 
i> , ^(4 0 ftS^IJfttffflJIS ^ fc 

[ 0 0 4 8 ] 0 1 2 (4, S2 «HiS«OS9g0!SSt« 
oSKFPWC&S. ig2^»Jt||3:l>fc;^i4, 3¥ 
tt?iffiS[7 ^ 3 0 2*\ Hll IZ^tmfcXU. » 
MIS7^;^3 0 lfctfU 012Kti{t6ZiSt 

ttixttmt%iix\vzt\ mi 2iizint$gmctt* 

0 1 2 <OY -r^^^3¥tt^ffi«7 * /t/7 3 0 1, 3 
0 2«mffi«3t^«^^^SLT*)ft»t $*VO> 

[ o o 4 9 ] m 1 6 (4, %2ammwm<?y$mm?t^ 
msmmm&y 4 oi. 321 ^iss^ix 

ti^. il 2 ^MfiMfcM^ 1-^^(4, 2gg««« 
^^S5¥ttM*7 <f/W»3 2 1 fcisvvt, 
SOU 2 CO I D T 3 2 2*»2^«[§*l-CV^ii:t*6. 

[0 0 5 0] H27>I DT3 22(4, <L8*ffi3 2 2 
at, < Lltl 3 2 2 a fc llffiJItfS^fclSlttU&a 
£ol,ZiMZtLfz2-r>CD< LMI3 2 2b, 32 2c 
fcS^Tf-S. I DT&tf^t tit 

1tffi«9 o *>-3f7) < LMIi''. 2o£?)< L#»S 3 2 
2b, 322c taWSfl-Cfc 0 , IK L#m«3 2 2 
b , 3 2 2 c (c, fffllW 3 14,31 5#8H8§ 
ft.TV>S„ i £ T (4 , m 1 «S£ftiM#ffiflffi« 
y4}U?B3 0 lfctSWC, IDT303fcIDT30 
5 fc t $ fiT £ 0 , m 2 <0»S^ftlff SWtt 

fM7^/k?^3 2 ltioft&SSl, I3f)IDT3 
08, 3 1 0»3fflt3ftT£9, **ifcJ: 
^ y 3 l 6 1 3 l 7 &feih^«MiWi£fifflfc : 5r 

0, I D T 3 2 2 tiZM ^-n9 IDT308, 3 1 0«t 

SgsoStt*^ t k ZfiXti *) , ^(ci o Til 2 <7)H 

[ 0 0 5 1 ] 121 7(4, 3f=f6BHO®3OHSI0!t=ffi5« 
l^*t@T»ffi|SM7 < ^7^lt«ffit£#teWc 

IM7 / )V9 5 0 1 (4, £ 2 W||M^WH»S^**rF 
SpSttfKSift^^fcHBfc:, AMPSSfIffl7^ 
7TI>& 0 l|3^jfiMT"(4, HT«ai^2«llM 
t^Sdt^^UT(4, S52«OlHISWf:R*f:3fi , C 
-f%±>*>, IDT30 3, 3 0 8«-Sfc^ft 
«Jiltfc»J ID T 3 0 3. 3 0 8 
ZtLX^W W:, IDT30 5, 3 1 0(0— SSH 
±^*}Iffifi£ixTfc>9, IDT3 0 5, 3 1 



XhT-xmm%tlX\^\^-%frt>. IDT30 
3, 3 0 5fWIDT3 0 5, 3 1 OIBtf^n-HJf 

[00 52] fg3^llffi««^SST»KlM 

M»fttt£, mi8Rxmi 9{zmm.x^s 
•t. \m<vfzmzmmxm 1 5^l/s?m*m?)sii£ 

[00 53] 018^019*^53^^^5^, A 
MPSSfiffl7^/I^fcBt7£»M#«ftti^T, f£ 
*MT14ib*:«l«(4 1 . 9 d B 5 « iztt L , 

s 3 commmxa 1 . 2 d b 0 , »i¥«r«# s 0 . 

7dB$#L-0^;t*%^& 0 «*Wt"(4, 

m±cnm^mmn 1° x~h&mznL. m?mm 
mxn 9° xm. &mmm& s • 11m kx \ ^ - 

[0 0 54] i-^t, !S37)ia«0J;^, S2^ 
iftMcOflffiMD/lT. lgg^SlOI DTt 2©g« 
UlcOI DTt^^n-hJf^t, ^lia@0^30 

I DTfc 2SS<?)^3C0I DTfc^7n-hSBgtf-|.i 

t 0 , yftm&toMfftizsm mi z t . 

[ 0 0 5 5 ] 02 0(4, »4«Hfl[W:ffi4*8SS^Sjg 

0t* s . ^4 emm<m$&m&mmkm.-7 
4>v9booxn, ttTco&zm^x. %2^mm\k 

1 0 0 5 6 ] ZZX'te. m 1 l5S^»S^S^S5¥tt 
f?ffiift7 /l-? 6 0 1 , 602^feMT, mi-H3^ 
T DTW£r«fi^*&fl. ; ciL ; ciU Sfj 1 7) T D T 6 0 

3, 6 0 8com»^*iC=2 4*, S2OIDT6 0 

4, 6 0 9Om«^0*f(=3 5*, H350 IDT6 0 
5.6 1 0 = 24*fc3*l.TV^. 

[ 0 0 5 7 ] S4 (7)HWJ«^S(4 , I D T 6 0 4 £BH 
0-&aSfl, S3COIDT603, 60 57>tSg60 
3 a, 6 0 5 a, ffiftzl DT6 0 9 fcm*)&? I DT 
6 0 8, 6 1 07)fl;S^6 08a, 61 0 aCOS'S^iS 

[00 58] lil^ft«^»ttHffi^7 -f /^g|J6 0 
l%#T%£&k. IDT604CML, IDT60 
3, 6 0 5l±mmZtlX^&<VX\ IDT6 0 3, 6 

o 5 zmmmix 1 is«^t"7 ^ ;i-7#tt^ #i> ; t 

tt*ffi^7 ^;lx^g|S6 0 2 7) I D T 6 0 9 izML I DT 
6 08, 6 1 O^mm^tiXV^COX. IDT6 0 
8, 610KIDT609 Sftt^Wi#|B| 

[ 0 0 5 9 ] 6 1 5(4^¥ffifi^S^T"S> 

0 , SB? 6 16,61 7(4¥ifffi^S^T*l> 0 02 1 

mvmmm , ^.^wmmmm.? 4)v? 
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?mmTffim-mmmm. m2nzim^m&-m 
mm&imre^t. tmcotzmz. mi st^ut 

[0 0 6 0] m2 0iphtyt>fr%:£dt,Z, AMPSSff 

m$\X'l± 1 . 9 d B X$> h CO £tt L . m 4 OSafttfiJT14 
1 . 2 d B X'$> 0 . »FF«M^0 . 7 d Bt&#£:fxT 
US. 02 l^BM^i^ «*^K14:tt 

±cmm^mmm° xfoiwzm, m4commm 
xm i° twp«^'6° stsiiti^. 
[oo6i] m4crmmmxn. 3-?« i d 

T^^-n.«^*»MWtt^ffi*7 4 )V?m 28 
SHU §t^*^2«IDTh^D^a^l, 3? 
3 £0 I DT^ItSf^SttSriSfe-f £ Jl lz£ 0 , g$g 

[OO62]023!4,m5 ^^ffiMOlilS^ftSI^M 

w&mm? a n^^mmmm^i-m^wmmxh 

5. S5»»|tll, |ll~gl3<7)IDT£Wt-|>3 

o 1-9 oAtfmwhtix^h. wmtiimFf-wwL 

&W6L7 4}V9&9 0 1-9 0 4TJ4. ^C0m2C0l 

d T^me^«#^i&* k s^xTfc o . 2 

CO I D T izm 9 -5 I D T <?)1WEJg<7JKttj&*H t 

;k?S59 0 lZmztlb, m2«OIDT9 0 8t:BO 
^■^1, H3OIDT90 7, 909<7)€»g907 
a, 9 0 9 a #|i|ffit£i: 3*rCU£. 

[0063] im&$m?$m&mw8L 7 < /i^as 9 o 
1-9 o 3iimmm^i-&tj\ imargmmm. 

$miJky 4 )l-?39 0 2fc*5VvC<8»ffi2tf>I DT9 1 

[ 0 0 6 4 ] SriK 9 11 f4^Pfrfi^S^T* •) . 9 
12, 913 (4¥«ifi^ffi^ -?'$> 5 . m 1 -JK4 
^*fM?ffifM7 4 }l7W>9 0 1 -9 0 4 fc&U 

x.mi, MscoiDTii^fL^timmtztixv* 
mm. wms^m^mi'&mmmy < >v?u9 o 

l£Wfci:$fc, ^l«IDT907t, ^3«IDT 
9 0 9(iitffifflfc$3fxTV^ o 

[0 0 6 5] m5comm\^zi5^xh, m2-s4«n 

t frx% . £ £> izm 5 ^HJ6MT"(4. ft^M y b-^'y 

[ 0 0 6 6 ] mi 4(4. *HBH(cffiS«6B^fi^W 
ttf«7 4 /P* £fflufc3HIM6 0 £fK)W-£fctf>tf> 
W&fw9mVtih. 02 4£fcUT s r^ft 6 1 
fc, r>7°W^6 2«f£ixTU£ 0 tm7°W^ 
6 2 i^fiWS^tf 6 3 fciOiatl, 3¥ttlM7 4 
6 4&tntB»6 5si^;Srt.W&. TMT^ 
?^"6 2 t}*fffJJ^)S*^6 6^ra(w{^ ±StaS6 7 



&OT¥ftflffii!S7 4 6 8^'»M£ifxTU£ „ r (?) j; 
^^6 5^Wfi^Mffi£^TU&fi^ * 

Jifltttm-mm&y a iv? b At tTHl:fflu§ 

[0067] 

mmemm & \<nww,zmm&&gmFFmmm. 
mmy a >v9xn, i DT^m»^*s^w* 

D TcOgl 2 <0 I D T fc D ^ a tlf^ltt^Ma 

mmw.y 4)v?izttai , mi -^3^1 dt^w 
tix a <o. mi &<m$tegm*wt&$m%iy 4 >v? 

2S«^SS^S®tt«iS7 4 /l^0)gS2 <A I D 

fcv>-C, £ 1 IM&i^ibMttfM? ^ 

S5 1 W I D Tcr)-Sk £ 2 ^»S^S^S5¥tt^ffl« 

7 -f /P^^Sf 1 ^) I D T^-Sfc * If ^ ^435 1 <n 

m^yj>z fcfflct h nmm t.mi 
^■wt'mmwLy 4>i7com3co 1 DT^-st^2a 

«0*fi^S-^ftH^M^tt^ffl^7 ^ ;I/^^£3 SO I DTO 

fi-tt«iffiT*i»^, m2co i DTt , mi , m 
3oidt 0 & 0 mmm^m'\t rntti-^zt^ 
x^h, tot, mm&j£wm^m*mtti\,z 

[0069] ttz.. &2<mmz&\vt ^ mimaim 

-^{Cfc . W,2 <D I D T<7)m«^«*a*W*t" 

[0070] ^^mzmim^^m^mmimmmy 

x\ ^mnzmim^m^mwm^.y ov?* 
m^xmmmmm-h zttz**). mtmm&m 

[ism hi {4, *m\m 1 <r>mm\>zmw^^ 

i. 

[02] mi nmmmm t % &m?&&m¥-m& 
[03 ] m 1 vmmm •mm : &wmr2m&m& 
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[04 ] m\ommmms\mmomw^\%m-wmL 
i m 5 ] m i nmmmmf^tmmmmm-mmx 
i m 6 ] m i *>niS0y<z)£ i ^^M^issitrftSffM 

l 0 7 ] m 1 tf>H Stiffs 2 «SE®M«Mlr£fM 

[ 0 s ] n 1 commm^m 3 «^m^«^ss^ a 

wmkw&y a ju?%**v&tmmm. 
1 0 1 0 ] m 1 vmrnmcrm 5 ffmmtvmaeim? 
mmtmmmy a wztftmmw-mm. 

[011] H2«*ttM«*i^SS^ffl^ttlll]^7 
[012] M2^§»M«3¥tti§ffii£7 ^?c7y£JWJ 

[013] m2^mmmRtmmM^mmmm-m» 

[014] m2^HS»V^*M^iffl¥ffiS-Jf?S 

imi 5] m2mmm^m?)tzMzmmiK&*M 

[017] ®3c?3lllfiM^«S^ftii^M5¥tt^ffiiS7 
[ 0 1 8 ] m 3 c7)H}fiMaV«*^l^«fS¥ff«- JD« 
[01 9] m3^HSWVW*^fiffi¥«rS-)wi« 
[02 0] ^4^»feM^«^ftS^M5lffiHMiS7 
[02 1] m4^HJfiMS.U : W*f^«tM¥«rS-)WI» 

[022] m4<^mimmmmmmm&-m. 

[02 3] m5«MfiM^«S^S^M5¥ttHffl«7 

[024] *mi,z&&imiiimmmmmk7 < 
[025] mtnm&smrfwmim&y aiv?* 

1 0 1-1 03---H1-H3COI DT 
102A-IDT 



1 04, 1 0 5 -KltS 

1 06, 1 0 7-Tlffi^S^ 
10 8-^TMI^S^ 

10 9, 11 O-t&jg 

2 0 o-w^^mf-mfmmmy a w 
20 0 a- -EMmm 

2 01-llcDIDT 

20 1a, 2 03a-*®t 
202-&2C9IDT 

2 0 3---H3C0IDT 
2 04, 2 0 5-KltiB 
2 06, 2 0 7---t»£ 
2 10, 2 1 l-¥ffff^S^ 
2 1 2-*¥ffifI^SfiH i 
2 13, 2 14-Tffiff^S^ 
2 1 5---^Tftrfi^S^ 
2 1 6-»fia®ifeft©? 

2 1 i-m^^m^mw^mmmy ajv? 
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